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ABSTRACT 
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FROM: P .  J. Hickson 

The p r e s e n t  f l i g h t - q u a l i f i e d  Apo 
D r i l l  w i l l  e n a b l e  t h e  a s t r o n a u t  t o  emplace 
Flow Experiment p robes  i n  t h e  l u n a r  sub- sur f  
sub- sur face  co re  f o r  r e t u r n  to ear th .  Becau 
and l a r g e  number o f  o p e r a t i o n s  r e q u i r e d  f o  
and t h e  l i m i t a t i o n s  o f  t h e  p r e s e n t  s u i t ,  t h e  As t ronau t  O f f i c e  
has sugges t ed  t h a t  a much reduced t a s k  be des igned  f o r  t h e  
f i r s t  l u n a r  d r i l l i n g  o p e r a t i o n .  The Martin/Denver p r o p o s a l  
f o r  de s ign  o f  t h e  modi f i ed  task i s  under  rev iew by MSC and 
e a r l y  app rova l  i s  expec t ed .  The p o s s i b l e  d e g r a d a t i o n  o f  t h e  
Heat Flow exper iment  as a r e s u l t  o f  t h e  modi f i ed  emplacement 
t e chn ique  i s  examined and judged to be n o t  s i g n i f i c a n t .  A 
fo rmal  review of t h e  exper iment  f e a s i b l i t y  i s  t h e r e f o r e  n o t  
r e q u i r e d .  

I 

Y 

! 
9( 



BELLCOMM, I N C .  $69 04069 955 L'ENFANT PLAZA NORTH, S.W. WASHINGTON, D. C. 20024 

SUBJECT: Modi f i c a t i ons  t o  t h e  Apol lo  
Lunar S u r f a c e  D r i l l  (ALSD) 
Case 340 

DATE: A p r i l  17, 1969 

FROM: P .  J .  Hickson 

MEMORANDUM FOR FILE 

The bat tery- powered,  f u l l y - p o r t a b l e ,  f l i g h t - q u a l i f i e d  
Apollo Lunar S u r f a c e  D r i l l  (ALSD) w i l l  d r i l l  and co re  2 h o l e s  
2.5 cm (1") diameter by 3 meters deep i n  a Surveyor  l u n a r  
s u r f a c e  model. D r i l l i n g  t i m e  i s  est imated a t  less  t h a n  
1 hour ,  and t h e  co re  from t h e  second h o l e  can be  r e t a i n e d  i n  
capped s e c t i o n s  o f  t h e  t i t a n i u m  d r i l l - s t r i n g  f o r  r e t u r n  t o  
e a r t h .  The two h o l e s  i n  t h e  l u n a r  s u r f a c e  w i l l  be s l e e v e d  
w i t h  t h i n  f iberg lass  c a s i n g  t o  p r even t  cave- in ,  and t h e  two 
ALSEP Heat Flow Experiment (KFE) probes  w i l l  be  deployed t o  t h e  
bottom of  t h e  h o l e s .  The d r i l l  s t r i n g  and h o l e  c a s i n g s  are 
s e c t i o n e d  i n  43 cm (17") l e n g t h s  t o  f i t  t h e  LM stowage and 
a s t r o n a u t  r e a c h  c o n s t r a i n t s .  A f oo t- ope ra t ed  t read le  and a 
hand-wrench are r e q u i r e d  to break t h e  j o i n t s  between s e c t i o n s .  
The a s t r o n a u t  d r i l l i n g  task  was con f igu red  w i t h  con t inuous  
a s t r o n a u t  tes t- and- feedback and, whi le  t a x i n g  and even cha l-  
l eng ing ,  t h e  task  i s  c l e a r l y  feas ib le .  It must be admi t ted  
t h a t  the  task i s  n o t  easy because  o f  t h e  sheer  number o f  s i m p l e  
o p e r a t i o n s  and t h e  L i m i t a t i o n s  o f  t h e  p r e s e n t  s u i t .  

The a s t r o n a u t  o f f i c e  has g iven  c l e a r  i n d i c a t i o n  t h a t  
it w i l l  n o t  commit t o  t h e  ALSD d r i l l i n g  t a sk ,  now schedu led  
f o r  ALSEP I11 o r  Apollo 13, a t  t h i s  t i m e .  T h e r e f o r e ,  major 
s i m p l i f i c a t i o n  and a c c e l e r a t i o n  of  t h e  d r i l l i n g  t a sk  i s  r e q u i r e d  
f o r  at  l e a s t  t h e  f i r s t  HFE deployment.  To do t h i s ,  i t  has 
been dec ided  t o  separate t h e  HFE probe  deployment and t h e  co re  
re turn- sample  o p e r a t i o n s .  A p re- proposa l  meet ing on ALSD modif i-  
c a t i o n  was he ld  by MSC a t  Martin/Denver on March 20 and 21 ,  1969. 
A s  a r e s u l t  o f  t h e  meet ing,  t h e  Mar t in  p r o p o s a l  t o  MSC c o n t a i n s  
the  fo l l owing  two i tems: 

1. HFE Deployment Task Mod i f i c a t i on  

The f iberg lass  c a s i n g  w i l l  b e  s t r e n g t h e n e d  w i t h  
boron f i l a m e n t  and p rov ided  w i t h  a d r i l l  b i t .  S i n k i n g  t h i s  
c a s i n g  w i l l  t h e n  e l i m i n a t e  t h e  e n t i r e  c o r i n g  o p e r a t i o n  and 
g r e a t l y  s i m p l i f y  t h e  HFE probe deployment.  The l u n a r  model used 
i n  d r i l l i n g  q u a l i f i c a t i o n  t e s t s  i s  e s s e n t i a l l y  unchanged, and 
t h e  new c a s i n g  must be  capab le  o f  d r i l l i n g  th rough  25 cm (10") of  
50% p o r o s i t y  v e s i c u l a r  basalt  i n  1 0  minutes .  
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2 .  Coring Modi f i ca t ions  

a. The f u l l  c o r i n g  c a p a b i l i t y  of t h e  p r e s e n t  d r i l l  w i l l  
be main ta ined  (95% recovery  of a 3 meter  co r e ,  r e t u r n e d  i n  a 
Sample Return  C o n t a i n e r ) .  Mar t in  p roposes  a short p a p e r  
s t u d y  to l i s t  t h e  d r i l l i n g  t ime  and e f f o r t  as a f u n c t i o n  of 
co re  dep th .  

b .  Mar t in  proposes  a d r a s t i c a l l y  s i m p l i f i e d  c o r i n g  
task which w i l l  be a s s u r e d  of a s t r o n a u t  app rova l  and accep t ance .  
T h i s  task i n v o l v e s  t a k i n g  a 86 cm (34" )  l o n g  by 3 .8 cm 
(1 1/2") diameter c o r e  i n c l u d i n g  as much as 15 cm ( 6 " )  of 
v e s i c u l a r  basal t .  Th i s  task w i l l  n o t  r e q u i r e  a wrench o r  
t readle ,  s i n c e  t h e  two d r i l l  s e c t i o n s  w i l l  have quick-  
d i s connec t  ( l o o s e )  j o i n t s .  The new d e s i g n  w i l l  be made of 
materials compat ib le  w i t h  t h e  very t i g h t  s chedu l e  (no  t i t a n i u m ) .  
The p r e s e n t  d r i l l  head w i l l  b e  used.  

The p r o p o s a l  has now been r e c e i v e d  a t  MSC,  and a 
go-ahead i s  expec ted  i n  A p r i l  f o r  f l i g h t  d e l i v e r i e s  i n  August.  

Comment 

1. The HFE P r i n c i p a l  I n v e s t i g a t o r  ( M .  Langseth ,  Lamont-Doherty 
Geolog ica l  Observa to ry)  has made p r e l i m i n a r y  e s t i m a t e s  of t h e  
p r o b a b i l i t y  of  encoun t e r i ng  a rock  of t h i c k n e s s  greater  t h a n  
a g iven  number. These estimates u s e  t h e  Surveyor  areal  d e n s i t y  
data conver ted  t o  vo lume t r i c  d e n s i t i e s .  These estimates i n d i c a t e  
a 90% p r o b a b i l i t y  o f  encoun t e r i ng  a 25 cm (10") t h i c k  rock  
when d r i l l i n g  a 3 meter h o l e  and a 70% change of encoun t e r i ng  
a 5 cm ( 2 " )  t h i c k  rock  wh i l e  d r i l l i n g  a 1 meter  h o l e .  The 
rock  d r i l l i n g  c a p a b i l i t y  of t h e  h o l e  c a s i n g  was t h e r e f o r e  
s e t  at  25 c m  (lo"), b u t  t h e  c o r i n g  d r i l l - s t r i n g  c a p a b i l i t y  
was t aken  as 15  cm (6") o f  rock  to ensu re  t h e  c a p a b i l i t y  of 
g e t t i n g  a sample of "basement rock" .  Rock i s  t a k e n  t o  mean 
50% v e s i c u l a r  basa l t .  These e s t i m a t e s  seem r e a s o n a b l e  bu t  are 
n o t  unduly c o n s e r v a t i v e .  

2 .  The d r i l l  m o d i f i c a t i o n s  have not r e s u l t e d  i n  any degraded 
o r  a l t e red  model of t h e  l u n a r  s u r f a c e .  The heat f low measure- 
ment w i l l  be  degraded, however, because of t h e  fo l l owing :  

a. t h e  s h o r t i n g  e f f e c t  of t h e  h ighe r  c o n d u c t i v i t y  c a s i n g  
w i l l  degrade  t h e  g r a d i e n t  measurement s l i g h t l y  ( c o r r e c t i o n s  
for s h o r t i n g  are l a r g e r  and more complex. 

b .  t h e  thermal c o n d u c t i v i t y  measurement w i l l  be  degraded 
because : 
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1. 

2. 

3. 

4. 

t h e  HFE w i l l  b e  deployed i n  a d e b r i s  l a y e r ,  
a m a n i f e s t l y  d i s t u r b e d  and non-homogeneous 
r e g i o n ,  which i s  t h e r e f o r e ,  n o t  i d e a l  f o r  a 
moon- represen ta t ive  measurement. 

t h e  c a s i n g  w i l l  compact ( d i s t u r b )  t h e  
l u n a r  s o i l  due to t h e  l a c k  o f  a c o r i n g  
d e v i c e .  

t h e  absence  o f  a r e t u r n e d  c o r e  may r educe  
conf idence  i n  t h e  i n - s i t u  measurements 
and w i l l  r educe  conf idence  i n  any 
hypo the s i zed  sub- sur f  ace  s t r a t i g r a p h y .  

t h e  h ighe r  c o n d u c t i v i t y  c a s i n g  between 
t h e  h e a t e r s  and t h e  moon w i l l  i n c r e a s e  
t h e  k-measurement e r r o r s  by as much as a 
f a c t o r  o f  2 and may reduce  somewhat t h e  
range  o f  k v a l u e s  measureable .  

I n  my judgement,  t h e  HFE s t i l l  r e t a i n s  adequa te  
redundancy ( 2  h o l e s ,  a t  leas t  4 g r a d i e n t  measurements,  8 
k-measurements, a t  leas t  4 d i f f u s i v i t y  e s t i m a t e s )  t o  cope w i t h  
t he  new emplacement mode s o  t h a t  a k-measurement (and  h e a t  f low 
v a l u e )  w i t h  an e r r o r  as low as 50-70% i s  l i k e l y  (up from 
~ 3 0 %  b e f o r e  m o d i f i c a t i o n ) .  

3 .  Langseth seems to p r e f e r  HFE emplacement i n  a debr i s  
l a y e r  and s u g g e s t s  t h a t  a s p o t  w i t h  a 3 meter l a y e r  can be  found 
a t  most s i t e s .  T h i s  i s  probably  o p e r a t i o n a l l y  nece s sa ry  w i t h  
our p r e s e n t  s t a t e  of  knowledge of  t h e  l u n a r  s u r f a c e  and w i t h  
t h e  p r e s e n t  HFE d e s i g n .  See 2 . b . l  above. 

4 .  Adequate e f f o r t  i s  b e i n g  made t o  i n v o l v e  t h e  a s t r o n a u t s  
i n  t h e  d r i l l  m o d i f i c a t i o n s  t o  maximize t he  p r o b a b i l i t y  t h a t  
t h e  a s t r o n a u t  o f f i c e  w i l l  commit to t h e  f i n a l  t a sk .  

2015-PJH-kse P .  J .  Hickson 
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